The main goal of this study was to evaluate a communication assistance device (CAD) for individuals with deafblindness, based on a braille display notetaker connected via Bluetooth to an iPhone. This study examined the use of this device by a 61-year-old woman living with Usher syndrome with sighted and hearing interlocutors during three restaurant outings.
Introduction
The Nordic Definition defines deafblindness (DB) as "a combined vision and hearing impairment of such severity that it is hard for the impaired senses to compensate for each other" (Nordic Centre for Welfare and Social Issues, 2016, p. [2] ). The disabilities associated with DB exceed the simple sum of those confronting individuals living with only one sensory impairment (Dammeyer, 2015; Schneider et al., 2011) . Thus, the impact of both impairments is intensified, due to the impossibility of effective compensation for sensory loss. Such combined vision and hearing loss often impedes language and communication (Dammeyer, 
Participant
The study participant was a French-speaking client in the joint deafblindness rehabilitation program at the Institut Nazareth et Louis-Braille (INLB) and the Institut Raymond-Dewar (IRD), two of the rehabilitation centres in the Montreal region responsible for vision and hearing impairment, respectively. The participant turned 61 years old during the course of the study. She had a diagnosis of type 1 Usher syndrome: deaf from birth, she lost her sight in her right eye at the age of 25 and in her left eye, though already reduced, at the age of 40. She was previously married, had no children and lives alone. She had a Deaf friend who accompanies her when she goes shopping and to doctor and dentist appointments.
She communicates using tactile sign language and travels with the assistance of a guide dog.
The participant holds a high school diploma and two study certificates: Commercial Assistant and Perforator Operator & Typist. She has a superior knowledge of written French and French braille, and has used braille technologies since the age of 43. She has a very high level of proficiency in the operation of assistive computing devices, including the BrailleNote APEX notetaker. At the time of the study, she was a braille trainer for Deaf people and for those with Usher syndrome. She had never owned a smartphone but had been using a braille display notetaker on a daily basis since the early 2000s.
Materials
Communication technology. The CAD used in the study was based on a braille display notetaker connected by Bluetooth to an iPhone (Figure 1 ). The software required, i.e. the iOS operating system, the VoiceOver screen reader and the HWCom application, all run on the iPhone. The VoiceOver application plays a central role in this architecture, as it allows for a Bluetooth connection between the iPhone and the braille display note taker. 
Data Collection and Analysis
There were three types of contributors to data collection and analysis. her questions. After this follow-up and before the beginning of the study, the participant benefited from a standalone use of the device for 10 weeks spread over 27 weeks since the device had to be withdrawn twice because of technical problems. A sighted and hearing special-education teacher from the joint deafblindness program, whose mother tongue was LSQ (langue des signes québécoise / Quebec sign language), served as an attendant to the participant at all three restaurant outings. Prior to her participation in the study, she knew the CAD by reputation only. Her experience with texting or chat applications was rated "normal".
The waitress present at each phase was somewhat familiar with the participant as she was a regular customer at the restaurant. The waitress had regular experience with texting or chat applications. During phases A and B, she communicated with the participant through the attendant, who served as an interpreter. During phase C, she communicated directly with the participant using the CAD. For each phase, the participant and her attendant were instructed to have a meal and talk to each other on topics of their choice. In order to promote maximum interaction between the participant, the attendant and the waitress, the participant was encouraged to choose a dish with which she was unfamiliar. All three outings in real-life situations were captured using a video camera.
The participant and the attendant completed individual debriefing interviews following each of the restaurant outings. The purpose of the interviews was to assess perceived productivity in the communication interaction (phases A, B and C) and the participant's emotional experience with the device (phase C). The interviews were conducted at the participant's home less than two hours after the outing. Only one interview took place the next day and outside the participant's home (with the attendant). All interviews were audio (attendant and waitress) or video-recorded (person with DB). Following phase C, at which the waitress communicated directly with the participant using the CAD, the waitress completed a debriefing interview that took place less than two hours after the interaction at the restaurant.
During all three phases, a researcher observed the interactions on site, taking observation notes using the Field Events Observation Grid. As the use of the CAD was expected to increase the risk of loop breaks, special attention was given to this type of event (see Appendix B).
Thus, any occurrence of a loop break called for a brief written description of the cause and resolution (if any) of the issue, as well as the step of the meal and the time it happened. With regard to the task of documenting other types of difficulties and observations collected with the grid, support was provided by a deafblindness counsellor who commented in real-time on specific events or interactions that, in his expert opinion, were worthwhile.
Results

Objective 1. Evaluation of the Perceived Productivity
In this study, the participant engaged in three real-life situations involving ordering, eating and paying for a meal at the restaurant (see Figure 2) . In order to better understand the results on perceived productivity, it is useful to first report the unexpected events that occurred during the interactions. These events, recorded with the Field Events Observation Grid (Appendix B), were all issues related to communicating with the CAD. They have been classified in three categories. Table 1 shows their distribution by phase. Note. NA = Not applicable.
Software issues accounted for more than half of all the problems encountered. The second most frequent were speech turn management issues, which occurred solely during the first outing with the CAD (phase B). The alternation of speech turns imposed by HWCom made it impossible for a user to send two consecutive messages. The interlocutor who wanted to do this had to ask his interlocutor, by another means of communication, to actively give him his turn by "sending" an empty message. Only one handling problem was observed (phase C), which was due to the sensitivity of the iPhone screen.
Perceived productivity in the communication interaction was investigated over the three phases through five interview questions on the following issues: increase in the communication, speed of the communication, concentration required to communicate, occurrence of errors during the communication and severity of error consequences.
The answers to the questions and the comments were classified by the two research professionals in charge of the study through consensus. For each phase, and for each type of respondent, yes/no answers and positive and negative comments were counted. The "moderately" answers and neutral comments have been excluded in order to clearly characterize the answers collected. Redundant comments were counted as only one. Table 2 summarizes the results of the interviews. The variation in frequencies shown in the table is due to the exclusion of some answers and the unlimited number of comments that could be expressed by the respondents to each of the questions. The use of the percentages is an attempt to smooth out this variation.
The outing during which no technical aid was used (phase A) only garnered positive perceptions. Negative perceptions were expressed following the two outings with the CAD (phases B and C), and they centered mainly on the speed of communication and the occurrence of errors and their consequences. The participant was unhappy with having to wait for her interlocutor's message to be sent before she could read it, unlike her sighted interlocutor who could read the message to be received as it was being written. In addition, the participant had no technical means for knowing whether a message was currently being prepared for her. For the participant and her attendant, the proportion of positive perceptions increased between the two phases with the CAD. The waitress had very positive perceptions, while it was her first experience with a CAD. 
Objective 2. Evaluation of the Emotional Experience
The interview questions used to characterize the participant's affective experience addressed the following: sense of competence, sense of confidence, sense of autonomy, frustration, fear of the iPhone being stolen, willingness to try new experiences, sense of having a better quality of life and pride in using an iPhone. The emotional experience interview was completed at the end of phase C. The data were compiled in a manner similar to that used for perceived productivity. All the answers to the questions were positive and, out of five comments collected, four were positive and only one was negative. The negative comment concerned the format of the braille display notetaker, which the participant would have preferred to be slightly more compact.
Objective 3. Description of the Communication Interactions
The interactions were studied by observing how the communication interaction worked.
It relied on an examination of the video recordings, as structured by an observation grid. Each of the observations entered in the grid represent a consensus reached between the research officer in charge of the methodology and the special educator who accompanied the participant on the three outings. The grid provided the event frequency for each phase. Table 3 presents a compilation of the observations. Appendix A presents the definitions of the observed items.
The conversation using tactile sign language (phase A), when compared on an hourly basis (per hour) with the conversations with the CAD (phases B and C), generated a much higher frequency of events for all the items examined, with the exception of loop breaks. In particular, phase A produced 25 and 47 times more adjustments as well as 11.6 reactions per hour, compared to none for phases B and C.
Finally, there was no loop break in phase A. All the observed loop breaks occurred in phase B and were directly related to use of the technology. 
C. Closing contact
Closing the interaction: end of an exchange, whether it has been clearly announced or tacitly accepted by both interlocutors. There may be more interaction closures than there are initiations, such as when one interlocutor cuts off the other (producing two initiations for one closure).
